The results of 26 completed balloon atrial septostomies in complete arterial transposition in infancy are described, and complications discussed. Of 7 deaths following this procedure, 3 were clearly or probably related to it or to its failure to produce an adequate septal defect, while 4 were unrelated. Atrial perforations occurred on 4 occasions.
The value of palliative procedures in complete arterial transposition is indisputable. Most commonly, atrial septal defects arz created in order to increase effective pulmonary flow. Since I966 the balloon catheter technique of atrial septostomy introduced by Rashkind (Rashkind and Miller, I966) has come widely into use, displacing the surgical procedures previously employed to create atrial septal defects (Plauth et al., I968; Venables, I966) . Though there is no doubt of the value of this procedure in obtaining palliation in many cases (Watson and Rashkind, I967) , there are few detailed reports of series indicating limitations of technique and follow-up progress, and permitting asse3sment of its true role in treatment of complete transposition in infancy (Rashkind and Miller, I968; Venables, I968 Balloon septostomy was performed after the diagnosis of complete transposition of the great arteries had been made by selective angiocardiography from right ventricle and left atrium or left ventricle. Pressure and oxygen saturation measurements were not always possible when the procedures were performed as emergency measures. Information about the response of these parameters to septostomy is therefore not available in all cases. Initially U.S. Catheter Corporation catheters were used, but from early in I968 the Edwards Company balloon catheter was employed routinely (Venables, I968) .
Age at the time of balloon septostomy ranged from 6 hours to 7 weeks. Weight ranged from 2-I6 kg. to 4-8o kg., with a mean weight of 3-38 kg. Eight infants weighed less than 3 kg. Table 2 . On two occasions accidental perforation of the atrial wall occurred before septostomy was attempted. The procedure was abandoned and the baby treated by immediate thoracotomy, repair of the perforation, and a Blalock-Hanlon procedure. These infants have been transferred to the surgical group (Table I) . One survived, but the other died of complications of the surgical procedure.
The factors responsible for early death in the first few days after completed balloon septostomy are set out in Table 3 valve laceration and to an inadequate defect. The death from circulatory failure appeared to be related at least partly to the presence of a greater degree of acidosis than appreciated. The remaining 4 deaths were due to unrelated problems, though the baby who was moribund from diffuse pulmonary haemorrhage when catheterization was begun was found at necropsy to have previously unrecognized atrial perforation and haemopericardium. Necropsies were performed after 6 of the 7 early deaths.
Follow-up data are given in Table 4 . Of II survivors with satisfactory initial palliation followed for more than 6 months, 4 have required further surgical palliation at ages of from 5 to 7 months. All had Blalock-Hanlon procedures, though in one a further balloon procedure was first performed without satisfactory response. The 2 late deaths occurred after secondary surgical procedures, but were unrelated to surgery. These deaths were due to presumed sagittal sinus thrombosis and to severe infection. Necropsy was not performed in either case. The infants who have survived balloon septostomy since November I968 are currently all in satisfactory condition. No information is available about the ultimate size of the defects in these infants with transposition.
However, 2 infants from a small group with total anomalous pulmonary venous drainage also subjected to balloon septostomy in the same unit have now had operation at approximately IS months of age. The defects produced by previous septostomy were then both approximately I 5 cm. in diameter.
Discussion
The material presented confirms that balloon atrial septostomy provides an acceptable technique for immediate palliation of infants with complete arterial transposition needing improvement in effective pulmonary flow. There were 3 deaths after septostomy to which the procedure appeared definitely or probably contributory. An additional death followed atrial perforation complicating introduction of a balloon catheter into the heart without actually performing septostomy. This was of purely surgical nature but, even when this is taken into consideration, the mortality related to the procedure compares favourably not only with over-all but with recent surgical experience in the same unit. Further, palliation has quite evidently been available to small infants and to very acidotic infants in whom an operation would have been unlikely to succeed (Rashkind and Miller, I968; Venables, I968) .
Early deaths from unrelated causes, and late deaths from such causes as infection and cerebrovascular accidents, occurred as in other studies of infants with complete transposition.
It is important to consider the long-range effectiveness of palliation and the problem of the detection of inadequate atrial defects. In this series, 4 of II infants observed for more than 6 months since septostomy have required further procedures to provide a more adequate atrial septal defect. The others, including 2 infants observed for 32 and 2I months, respectively, remain satisfactory. Rashkind (Rashkind and Miller, I968) reported 3 repeat septostomies between i4 and 5 months after the initial procedure, further study being prompted by 'the development of cardiomegaly plus some increase in cyanosis'.
The degree of cyanosis after successful palliation has varied in the present series as after successful Blalock-Hanlon procedures (Venables, I966) . The patients who were considered to require enlargement of their atrial defects were considerably cyanosed. Their condition had become generally unsatisfactory with irritability, poor feeding, and acidosis. In one case inadequate atrial shunts and a high left atrial pressure were shown at a further catheterization procedure. This study was aimed mainly at measuring pulmonary artery pressure and flow in reference to possible pulmonary artery banding because of an associated large ventricular septal defect. Unfortunately, no attempt was made to assess the actual defect size by use of a balloon catheter. When, however, another child was recatheterized recently at 4 months of age because of some increase in cyanosis associated with consistent mild acidosis, with pH readings of about 7 3o, a balloon catheter passed freely through the atrial defect when filled with 3-o ml. of dye mixture. This defect is regarded as adequate. More satisfactory criteria are necessary, therefore, to determine when to perform a second procedure. These will be formulated only on a basis of careful study of haemodynamics and assessment of defect size in patients who appear to be unsatisfactory.
Necropsy studies of 6 of 7 infants dying early after balloon septostomy revealed adequate defects in all but one. Fig. 2a, b , and c show typical examples of these defects, in which the thin floor of the fossa ovalis has been torn across transversely from its free edge at the foramen ovale, creating defects that correspond essentially to the fossa ovalis. Fig. 2d shows the inadequate defect, with no splitting of the fossa ovalis, and associated with a much more ovoid, tough-edged fossa. In this patient the maximum balloon volume that could be pulled through the septum was i -8 ml., and it was doubtful at the time if adequate splitting had been achieved. The pre-existing acidosis was controlled, but the baby developed heart failure and died several days later. In the 25 other completed procedures, the balloon volume ranged from 2-0 to 3-5 ml., with a mean volume of 3-0 ml. In I7 infants a balloon containing 3-0 ml. or more was withdrawn after the fossa ovalis had been split. The balloon volume was limited to 2-0 ml. in 2 cases. In one, the limiting factor in passage of a larger volume was impaction of the balloon in the inferior vena cava before it had passed wholly through the atrial septum. At a later catheterization at 4 months a 3-o ml. balloon passed through this defect easily. In the other infant the septum was felt to tear, but only 2-0 ml. could be withdrawn. That such a volume can in fact produce a defect comparable to those in Fig. 2a-c Inspection of Fig. 2a-c suggests that the size of defect made by balloon septostomy is limited by the size of the fossa ovalis and its thin floor. These defects are smaller than the defects usually seen after the Blalock-Hanlon procedure. If there is no real sensation of splitting and the volume that can be withdrawn is limited, by resistance at the septum rather than other factors such as impaction in the inferior vena cava, one must expect the defect to prove inadequate. Balloon filling beyond about 2z5 ml. probably merely confirms maximum splitting rather than contributes significantly to the size of the defect.
Apparent maximum splitting does not guarantee long-term adequacy of the defect.
Balloon filling ranged between 2-5 and 3.5 ml.
in those infants who have required later secondary procedures to produce a larger defect. Though a proportion of cases with early adequate palliation will require secondary procedures, many will enjoy the obvious advantages of avoiding thoracotomy and a surgical procedure to create an atrial septal defect.
It is evident that great care is required to avoid atrial perforation. In addition to the three atrial perforations described above, a further perforation occurred during a procedure when defect size was being tested after performance of septostomy. In this infant the catheter tip failed consistently to pass into a left upper lobe pulmonary vein as usual, and finally slipped through the end of the left atrial appendage during manipulation there. There was no evidence of haemopericardium, but cardiac arrest occurred and external cardiac massage was necessary. In the experience of the unit cardiac perforation has been confined to balloon septostomy. Perforations were not noted by Rashkind (Rashkind and Miller, I968) , but one instance was recorded by Cartmill, Celermajer, and Bowdler (I967).
